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Abstract
Economic capital model embodies many components, of which the measurement is a synthesis of techniques from 
actuarial science and financial engineering. For insurance company it is an estimate of the level of capital that a firm 
requires to operate its business. So this article implemented TailVaR model to empirically analyze economic capital
of Chinese top six insurance companies in terms of claim ratio on two aspects. One is the measurement of total 
economic capital. The other is the allocation of economic capital into different lines of business. So the following 
conclusions can be drawn from this empirical analysis: Firstly, different lines of business should be engineered by
different risk management strategies, especially the liability line needs to be improved. Secondly, the effect of “Risk 
Pool” can reduce the economic capital requirement for unexpected loss. Finally, this article proposed several 
suggestions on economic capital management for Chinese insurance companies.
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of Desheng Dash Wu
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1. Introduction
Economic Capital (EC), called as Capital at Risk (CAR) according to definition of SOA, refers to 
sufficient surplus to meet potential negative cash flows and reductions in value of assets or increases in 
value of liabilities, at a given level of risk tolerance, over a specified time horizon. EC is the conception 
which focuses on the company’s inside capital management that exceeding regulatory requirement. It can 
not only help to avoid risk, but also create value, which gives the insurance company an approach of 
capital allocation. So the system economic capital allocation has been becoming a tool of decision-
making for insurance company, which plays a significant role in Enterprise Risk Management (ERM) 
(Hubert Muller, 2005).
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As a financial institute engineering risk pool and diversification, insurance companies face the risk of 
both police-holders and insurers, and P&C insurance companies are facing more fluctuated risks than life 
insurances in terms of loss probability and severity. So how to deal with underwriting risks is the essential 
issue. Meanwhile, risk management is connected to the capital, which represents the ability of risk 
aversion and sustainable development of insurance company. So, economic capital management regarded 
as an advanced tool of financial engineering for risk management, making capital integrated with risk, 
will lead to the development of insurance sector, of which the research has quite a practical meaning.
There are several researches on economic capital allocation, such as Kimball (1998), who suggested 
that the allocation of economic capital into different lines will make the total economic capital deviated 
with the aggregates of separate economic capital lines if the marginal cost analysis not being 
implemented. H.Markowitz (1987) used mean-variance method to measure the risk of portfolios, which is 
traditional and classical. The model of VaR (Value at risk ) was implemented into economic capital 
allocation ,which was firstly raised by J.P. morgen corp. TailVaR (Artzner 1999) refers to the loss 
expectation exceeding VaR(α), being proved as a good coherent risk measurement. Panjer (2001) 
proposed the capital allocation for different lines of normal distribution on the basis of TVaR. Wang 
(2002) used “Wang convert” to measure the risk of liabilities in order to quantify capital allocation, which 
is also named as WX-TVaR. M-P analysis was raised by Merton and Perold (1993), which is on the 
ground of Black-Scholes Option Pricing Model, and M-P model is regarded as a marginal capital 
allocation method. Michael Sherris (2004) set up a capital allocation analysis via insolvency put option on 
the basis of M-R model, which is more specific and practical financial engineering tool since it is 
consistent with the economic value of the assets and liabilities in balance sheet. Chinese research on EC is 
just at the beginning. Li Yanghua, Zhang Chengsong, Tang Hongyang (2006) held the point that EC is the 
trend of risk management for insurance, and analyzed different lines of risks as well as their integration. 
Cheng Bing (2008) suggested that EC best meet the requirement of risk management for insurance 
company and it provide a framework of capital allocation.     
Comparing the models of EC mentioned above, the conclusions can be: VaR model ignores the losses 
on the given probability level, lacking the measurement coherence for risk portfolios, and cannot be 
aggregated. Put option is the model that is set up from the view of supervisors or proposers, which upsets 
the motivation of insurers to develop it. But the TailVaR model reflects the expected loss on the given 
level of probability, which meets the requirement of risk coherence and tends to be convenient for 
empirical analysis. So this article is going to implement TailVaR model to economic capital allocation of 
underwriting risks on two aspects: One is the calculation of integrated economic capital for china’s P&C 
insurance companies. The other is the capital allocation for different lines of business of companies’ 
underwriting risks.
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2 Economic Capital Allocation Model
2.1. Risk Measurement-TailVaR
TailVaR refers to the expectation exceeding VaR, proving that TailVaR can keep the rule of coherence 
for risk measurement in the condition that x (loss) obeys continuous distribution. Therefore, compared 
with VaR the result of TVaR is more convincing since it considers loss expectation exceeding a specified 
given point, therefore, the formula can be expressed as:
                 [ / ] [ / ]q q q qTVa R E X X x x E X x X x= > = + − >
Where
qx VaR=
If ( )Xρ is referred to the total capital needed for the risk of loss(X), the formula above can be 
expressed as:
( ) [ / ]qx E X X xρ = > .
2.2.Model of economic capital allocation
On the basis of TVaR, the model of economic capital (EC) allocation can be expressed as:
                     [ / ] ( ) ( ) ( )qEC E X X x E X X E Xρ= > − = −
Where ( )E X refers to the loss expectation of risk X , EC follows the rule of consistency of capital 
allocation. Harry H. Panjer (2001) proposed the allocation of EC for the risk of loss on the condition that 
loss X follows normal distribution:
Considering Total loss X :     
1 2 nX X X X= + + + ,
2~ ( , )jX N µ σ











, ( )f  and ( )F  refer to function of probability density and cumulative 
distribution respectively.
                                 2( )EC X aρ µ σ= − =
Suppose there are two risks. If 2n = , 1X represents one risk, 2X represent all other risks, now 
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considering total risks 1 2X X X= + , calculating EC allocation of risks:
                            2 21 1 1 1 1,2
1




= > − = +
                             2 12 2 2 2 1,2
2




= > − = +
Where 1,2ρ refers to the correlation coefficient of 1 2,X X . Suppose there are n risks, j represents 
the j th j−risk, represents all other risks except the j th
                            
risk, the formula can be:
1 2 1 1j j j nX X X X X X− − += + + + + + + 
Replacing 1 of jEC by j , and replacing 2 by j− , and EC formula can be:
                         ,[ / ] (1 )
jj
j j q j j j j
j





−= > − = +
Where 1,2ρ represents the correlation coefficient between jX and X , ,j xσ represents the covariance 
between jX and X , we can get the formula: 
               2, , ,
1
n
j x i j j j j
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σ σ σ σ −
−
= = +∑ , 2 2 2 ,2x j j j j j jσ σ σ ρ σ σ− − −= + +
So                        ,, , 2
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j j x j x
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= = ,   then j jEC ECβ= .
From the formula above, the result of TVaR model is similar to the capital asset pricing model (CAPM) 











out of the total economic capital, it can be positive or negative, but 
.
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3 Empirical Results
3.1.Index and Data Selecting
According to the model analysis above, this article should focuses on the claim payment, but as the 
premium increases the claim payment increases also, which means the claim cannot follow the normal 
distribution, so in order to eliminate the impact of premium, we chose claim ratio for the research index, 
where claim ratio=claim payment / premium income, which is supposed as normal distribution.
We also select the data from 2002-2007 from the Archive of China’s Insurance (2001’s data lacks 
reliability and accuracy) including four lines of P&C insurance, there are commercial property insurance, 
auto insurance, cargo insurance and liability insurance, which in aggregate account for 99%of total 
premiums. For the compatibility and accuracy six top Chinese P&C insurance companies are selected, 
there are People’s Insurance Company of China (PICC), China Pacific Insurance Company (CPIC), China 
Ping An Insurance Company (PAIC), Hua Tai P&C Insurance Company (HTIC), China United Property 
Insurance Company (CUIC) and Tian An Insurance Company (TAIC) from The Archive of China’s
Insurance.
3.2.Economic Capital Measurement
On the basis of the model discussed, total risks are equal to the sum of the four lines of policies. And 
here Excel is involved for calculating the Total Claim Ratio (see Table 1). Connecting data of Table1to the 
model we discussed, the value of ( TVaR µ− ) of six insurance companies can be calculated under different 
confidence levels (see Table 2), we chose confidence level no higher than 80%, because ( )qF x on 80% 
confidence level equals 0.99999, which has met the confidence requirement and a higher confidence level 
will lead the value of ( )qF x to reach 1, that is useless. For example, ( )qF x of Hua Tai insurance
company on 80% confidence level equals to 1, which means its TVaR does not exist. So, finally 
multiplying total premiums by claim ratio’s ( TVaR µ− ), we can sort out the Economic Capital of each 
insurance company (See Table 3).
Table 1 Total Claim Ratio of Four Lines of Policies
Year 2002 2003 2004 2005 2006 2007
PICC 0.51783817 0.55172821 0.63330729 0.65990382 0.61591861 0.60391119
CPIC 0.46076704 0.51133761 0.62498557 0.48218739 0.53548327 0.51546395
PAIC 0.42898519 0.44546341 0.5985854 0.47362954 0.49723132 0.499919
HTIC 0.41335403 0.46995253 0.51949861 0.46046282 0.49173685 0.38656504
CUIC 0.38861386 0.39063702 0.21966535 0.29995848 0.4448405 0.49183845
TAIC 0.42955621 0.36442744 0.30731191 0.3403116 0.51638556 0.64561742
Table2 TVaR-μ of Claim Ratio
Claim Ratio TVaR-μ on Confidence Level
Mean St.D 80% 78% 75%
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( )qF x TVaR µ− ( )qF x TVaR µ− ( )qF x TVaR µ−
PICC 0.5971 0.0529 0.99999 1.27542 0.99953 0.94495 0.928221 0.50448
CPIC 0.5217 0.057058 0.999999 1.64765 0.99999 1.31197 0.99629 0.85168
PAIC 0.4906 0.05985 0.999999 1.80335 0.99999 1.46664 0.99893 1.0025
HTIC 0.4569 0.049312 1 None 1 None 0.99999 1.13904
CUIC 0.3726 0.098667 0.999999 2.4413 0.99889 0.04877 442.5117 21.54327
TAIC 0.4339 0.12748 0.9993 2.21035 0.99601 1.88862 0.97041 1.44914
Table 3 Calculation of Economic Capital in 2007 (Unit: Million)
PICC CPIC PAIC HTIC CUIC TAIC
Premiums Income 63815.31 15171.09 14937.62 1377.99 13615.67 6032.52
Economic Capital 813.91 249.96 269.37 15.69 332.4 133.33
3.3.Allocation of Economic Capital








= = , then j jEC ECβ= , which is the result of economic capital allocation(See Table 4).
Table 4 Allocation of Economic Capital of PICC in 2007
Correlation Coefficient Metrics
Lines Commercial Property Line Auto Line Cargo Line Liability Line
Commercial Property Line 1 0.606663922 0.314179712 0.289749185
Auto Line 0.606663922 1 0.213637804 0.713732816
Cargo Line 0.314179712 0.213637804 1 0.403937523
Liability Line 0.289749185 0.713732816 0.403937523 1
,j kσ 0.002418 0.0021336 0.000493 0.0037
jβ 0.276467 0.244196 0.056387 0.422949
jEC (Million) 225.02 198.75 45.89 344.24
jEC / (Premiums Income)j 2.76% 0.40% 1.03% 11.35%
If the economic capital of each line policy is calculated separately, the fact that the sum of each 
line of economic capital is greater than the economic capital needed as a whole is observed, which 
means the rule of Risk Pool reduces the capital requirement. We take PICC as the example again (See 
Table5).
Table 5 Allocation of E.C. of Different Lines of PICC
Lines Mean St.D Economic Capital
Commercial Property Line 0.58793328 0.072909203 256.72
Auto Line 0.61936904 0.049882638 206.73
Cargo Line 0.41395102 0.03503389 35.79
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Liability Line 0.52250401 0.114759187 469.87
Sum 969.13
Total Economic Capital 0.59710122 0.05290909 813.91
Accordingly, the allocation of EC of other five insurance companies can be computed as the following 
(See Table 6).
Table 6 Allocation of Economic Capital
Commercial 
Property Line Auto Line Cargo Line Liability Line
CPIC 22.09(0.93%) 184.69(1.60%) 0 43.17(9.98%)
PAIC 27.92(1.45%) 211.82(1.82%) 0 29.62(3.84%)
HTIC 4.94(1.90%) 10.01(1.20%) 0 0.73(0.82%)
CUIC 141.03(25%) 100.97(1.00%) 48.59(35%) 41.79(16%)
TAIC 50.91(13.66%) 70.26(1.29%) 12.15(12.86%) 0
There are several zeros in Table 6 because ,j xσ of these risks are minus, which means the unexpected 
risk of loss is nominal, leading the allocation of EC to be null.
4 Conclusion and Suggestion
Economic capital now is widely used in the area of risk management: from the supervisors’ point of 
view, the new EU Solvency II regime (sigma 2006) commonly used VaR or TVaR as a tool of risk 
measure to calculate the solvency capital requirement. From the companies’ point of view, the economic 
capital acts as a buffer of engineering that provides protection against all the market, credit, operational 
and business risks. So in current financial sector a large number of institutions have drawn upon their 
financial engineering, decision support and workflow management experience in optimizing the 
implementation of insurance companies’ economic capital and Solvency II Solutions. Therefore, this 
article empirically analyzed the claim ratio of Chinese top six insurance companies on the ground of 
TVaR model, from which the following conclusions and suggestions can be drawn: 
1. From Table 2, the value of ( TVaR µ− ) of China United insurance company and Tian An insurance 
company are 2.44% and 2,21% respectively, much higher than other companies, which means they need 
more premiums to cover the unexpected loss. Meanwhile, the ratios of economic capital to premiums of 
most other insurance companies (except Hua Tai) tend to be stabilized around 1.8% on 80% confident 
level. This index can be used in the internal management for insurance company because company’s
solvency will not cover the underwriting risks if the EC to premiums ratio is higher than a set level, which 
gives a signal of improvement of internal management.
2. Analyzing the ratio of economic capital to premiums of different lines of policy, the ratio can be 
ordered from high to low as following: liability insurance, commercial property insurance, auto insurance, 
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cargo insurance. Specifically, the ratio of liability is up to 11.35%, showing the problem of risk contained.
On the other side, the auto line and cargo line show relatively decent solvency ability, and from Table 6, 
the cargo line of all the insurance companies requires zero economic capital, that means there is little 
unexpected loss of it and companies can keep the growth of cargo insurance.
3. If the economic capital of each line of insurance is calculated separately, the sum of every EC is 
greater than the total economic capital computed as a whole. This illustrates the effect of “Risk Pool”,
which reduces the capital requirement for unexpected loss. Table 5 shows the fact that the sum of each 
line of EC of PICC in 2007 equals 969.13, but the company’s real total economic capital needed is 813.91.
4. In order to develop the capital management of China’s insurance companies there are several 
suggestions for the improvement: firstly, the awareness of economic capital management, secondl y, the 
establishment of mechanism of financial engineering work; thirdly, the enhancement of management of 
information system; finally, the development of risk-thinking of faculties.
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